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(57) A check pattern for a registration adjustment 
under low resolution condition of 600 dpi x 600 dpi at 
substantially central portion of a printing medium is print- 
ed. After performing the registration adjustment based 
on the printed pattern, the check pattern is printed under 
high resolution condition of 1 200 dpi X 600 dpi at a po- 
sition not causing interference with the former check 
pattern. On a basis of this, the registration adjustment 
is again performed. By this, the registration adjustment 
in high precision printing can be performed easily. Also, 
necessary two check patterns can be printed on a single 
printing medium to permit lowering of cost concerning 
printing medium to be used in check pattern printing. 
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Description 



The present invention relates generally to a printing 
apparatus and a check pattern printing method. More 
specifically, the invention relates to a printing apparatus 
which can print a check pattern used for performing reg- 
istration adjustment between a plurality of printing 
heads and for judging whether printing is performed nor- 
mally, and to a printing method of printing the check pat- 
tern. 

An ink-jet printing apparatus as atypical printing ap- 
paratus, particularly a bubble-jet type printing apparatus 
has an advantage of arranging ink ejection openings of 
a printing head in high density and whereby of being ca- 
pable of performing high precision printing. On the other 
hand, it is one of trends for a recent printing apparatus 
to be required printing an image of high precision and 
high image quality. 

Incidentally, in the apparatus employing a plurality 
of printing head, such as an apparatus performing a full- 
color printing, it has been known to perform a registra- 
tion adjustment so that respective dots formed by inks 
ejected from the printing heads can maintain predeter- 
mined positional relationship, for example, positional re- 
lationship in which dots formed by inks ejected from 
these printing heads are overlappingly formed at sub- 
stantially the same position on a printing medium. One 
prior art for the registration adjustment is to perform 
printing a predetermined check pattern on the printing 
medium by respective heads and to adjust ejection tim- 
ing of respective head on a basis of deviation amount 
of respective patterns with respect to each other. 

Further, it has been performed that when inspection 
is performed for each ejection opening whether ink ejec- 
tion is performed normally or not, by actually performing 
ink ejection to the printing medium, in similar manner, 
and by visually checking the results of printing. 

However, in the apparatus performing high preci- 
sion printing, when the foregoing conventional registra- 
tion adjustment or checking on normal printing is to be 
performed, it may occur that the adjustment or the check 
may be insufficient. 

More specifically, for performing high precision 
printing, the registration adjustmentgerse has to be per- 
formed in high resolution. For example, when the high 
precision printing of 1200 dpi compared to a normal 
printing of 400 dpi is performed in scanning direction of 
the printing head, the registration adjustment at three- 
times higher precision with respect to the registration 
adjustment for the normal printing is required. There- 
fore, a longer time is required for the registration adjust- 
ment depending upon increasing of the resolution. 

On the other hand, the check pattern to be printed 
on the printing medium for adjustment of registration or 
checking of the normal printing is preferred to have no 
bleeding or the like for performing checking in high pre- 
cision. Therefore, for example, with respect to the print- 
ing medium used for performing printing of the check 



pattern, it is required to use relatively an expensive print- 
ing medium which is difficult to cause bleeding. In this 
case, for example, when a only single check pattern is 
printed on one printing medium, correspondingly in- 
5 creased number of printing medium has to be wasted to 
cause relatively high running cost. 

It is an object of the present invention to provide a 
printing apparatus and a check pattern printing method 
which requires not so long time for a registration adjust- 
10 ment even upon performing high precision printing, and 
does not cause increasing of running cost for performing 
the registration adjustment. 

Another object of the present invention is to provide 
a printing apparatus and a check pattern printing meth- 
15 od, in which a first check pattern is printed at first, for 
example, a registration adjustment is performed be- 
tween a plurality of heads on a basis of the first check 
pattern, and a second check pattern is printed on a basis 
of a result of the registration adjustment, wherein, for 
20 example, the first check pattern is printed at low resolu- 
tion and the second check pattern of high resolution is 
printed under a condition where the registration adjust- 
ment is performed based on the first check pattern so 
that printing of the second check pattern can be per- 
25 formed in a condition where registration is adjusted in a 
certain extent, and can be performed with high preci- 
sion. 

A further object of the present invention is to provide 
a printing apparatus and a check pattern printing meth- 
30 od which can save a printing medium for check pattern 
printing, by printing a plurality of check pattern on a sin- 
gle printing medium. 

In a first aspect of the present invention, there is 
provided a printing apparatus performing printing on a 
35 printing medium by using a printing head, comprising: 
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pattern printing means for printing a check pattern 
used for inspecting a mutual positional relationship 
between images to be printed at different timing; 
setting means for setting printing timing of the print- 
ing head based on inputting of set information con- 
cerning the mutual positional relationship between 
the images; and 

control means for making the pattern printing 
means print a first check pattern, making the setting 
means set printing timing of the printing head based 
on set information input on a basis of the first check 
pattern, and making the pattern printing means print 
a second check pattern under a condition that the 
printing timing is set by the setting means. 

In a second aspect of the present invention, there 
is provided a printing apparatus performing printing on 
a printing medium by using a printing head, comprising: 

executing means for executing a plurality of printing 
modes which differ from each other in a resolution 
of printing, and 
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control means for, for each of the plurality of printing 
modes, executing pattern printing for printing a 
check pattern for inspecting mutual positional rela- 
tionship of images to be printed at different timing 
and executing timing setting for setting printing tim- s 
ing of the printing head in the printing mode based 
on an input of set information concerning the mutual 
positional relationship between the images the ex- 
ecution of the pattern printing and the timing setting 
for each of the plurality of printing modes being per- 10 
formed sequentially from the printing mode of the 
lower resolution to the printing mode of the higher 
resolution, 

wherein the pattern printing of the check pattern in 
each printing mode is performed at the printing tim- is 
ing set based on the check pattern printed in pre- 
ceding printing mode. 

In a third aspect of the present invention, there is 
provided a printing apparatus performing printing on a 20 
printing medium by using a printing head, comprising: 

transporting means for relatively transporting the 
printing medium with respect to the printing head; 
and 25 
pattern printing means for printing a check pattern 
which is printed first among a plurality of check pat- 
terns on a central portion of the printing medium 
when the plurality of check patterns are printed in 
sequential order on the same printing medium by 30 
controlling the transporting means, and for printing 
the plurality of check patterns without causing inter- 
ference with each other. 

In a fourth aspect of the present invention, there is 35 
provided a check pattern printing method of a printing 
apparatus performing printing on a printing medium by 
using a printing head, comprising the steps of: 

printing a first check pattern for inspecting a mutual 40 
positional relationship between images printed at 
different timing; 

setting printing timing of the printing head based on 
the first check pattern; and 

printing a second check pattern for inspecting the 45 
mutual positional relationship between the images 
under a condition that the printing timing is set. 

In a fifth aspect of the present invention, there is 
provided a check pattern printing method of a printing so 
apparatus performing printing on a printing medium by 
using a printing head, comprising the steps of: 

printing a check pattern which is printed first among 
a plurality of check patterns on a central portion of ss 
the printing medium when the plurality of check pat- 
terns are printed in sequential order on the same 
printing medium, and 



printing the plurality of check patterns without caus- 
ing interference with each other. 

In a sixth aspect of the present invention, there is 
provided a registration adjusting method of a printing ap- 
paratus performing printing on a printing medium by us- 
ing a printing head, comprising the steps of: 

printing a first check pattern for inspecting a mutual 
positional relationship between images printed at 
different timing; 

setting printing timing of the printing head based on 
the first check pattern; 

printing a second check pattern for inspecting the 
mutual positional relationship between the images 
under a condition that the printing timing is set; and 
setting the printing timing of the printing head based 
on the second check pattern. 

The above and other objects, effects, features and 
advantages of the present invention will become more 
apparent from the following description of embodiments 
thereof taken in conjunction with the accompanying 
drawings. 

Fig. 1 is a perspective view schematically showing 
a major construction of one embodiment of an ink- 
jet printing apparatus according to the present in- 
vention; 

Figs. 2A and 2B are schematic illustrations showing 
ejection opening array of a printing head to be used 
in the foregoing apparatus; 
Fig. 3 is an illustration for explaining printing of a 
first check pattern for a registration adjustment in 
the first embodiment of the present invention; 
Fig. 4 is an illustration for explaining printing of a 
second check pattern to be printed after printing the 
first check pattern; 

Fig. 5 is an illustration showing a condition where 
the first and the second check patterns are printed 
in one printing medium; 

Fig. 6 is an illustration showing check patterns of a 
second embodiment of the present invention; 
Fig. 7 is a flowchart showing a process procedure 
concerning printing of the first and second check 
patterns in the first embodiment; and 
Fig. 8 is a block diagram showing a construction of 
a control system in the ink-jet printing apparatus 
shown in Fig. 1. 

The preferred embodiments of the present inven- 
tion will be explained hereinafter with reference to the 
accompanying drawings. 

Fig. 1 is a perspective view schematically showing 
a construction of a printing portion in one embodiment 
of an ink-jet printing apparatus according to the present 
invention. 

In Fig. 1, reference numerals 11a and 11b denote 
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head cartridges respectively having printing head por- 
tions 1 9a and 1 9b and detachably mounting tanks 1 2a 
and 12b corresponding to these head portions, respec- 
tively. A reference numeral 1 3 denotes a carriage de- 
tachably mounting the head cartridges 11a and 11b and 
moving along guide shafts 1 5x and 1 5y to scan the print- 
ing heads 1 9a and 1 9b in a scanning direction (primary 
scanning direction). In respective of the tanks 12a and 
1 2b, an ink and a processing liquid which makes the ink 
insoluble are stored in respectively separated cham- 
bers. 

Respective printing head portions 1 9a and 1 9b as 
viewed from ejection opening surface side are diagram- 
mattcally illustrated in Figs. 2A and 2B. In these draw- 
ings, tines identified by reference numerals 1 90 to 1 94 
represent ejection opening arrays for ejecting the 
processing liquid and the ink, respectively. 

As shown in Figs. 2A and 2B, the ink jet printing 
apparatus of the shown embodiment employs two print- 
ing head portions (head cartridges). The printing head 
portions shown in Figs. 2A and 2B ejects the processing 
liquid (S) which reacts with the ink to make a dye in the 
ink insoluble or coagulated, from respective ejection 
openings of the ejection opening array 190. Further, 
from respective ejection openings of the ejection open- 
ing array 191 as shown in Fig. 2A, a black (Bk) ink is 
ejected. On the other hand, from ejection opening arrays 
192, 193 and 194 of the printing head portion shown in 
Fig. 2B, color inks of respective yellow (Y), magenta (M) 
and cyan (C) are ejected. It should be noted that in the 
ejection opening array of the processing liquid and the 
black ink, 304 ejection openings are arranged in a den- 
sity of 600 dpi, and the respectively 80 ejection openings 
are arranged in ejection opening arrays of yellow, ma- 
genta and cyan in a density of 600 dpi. By selectively 
using two printing head portions 1 9a and 1 9b, an image 
can be printed appropriately adapted to both of a docu- 
ment text and color graphics. 

It should be noted that, while the heads and other 
components are constructed as set forth above in the 
shown embodiment, the construction of the carriage, 
head or so forth is not specified. For instance, the car- 
riage mounting two or more head cartridges may be 
used, and a head cartridge for each color of ink having 
only one ejection array may be used. Further, the head 
cartridge having a plurality of ejection opening arrays 
may also be used. 

Referring again to Fig. 1 , a reference numeral 16 is 
a printing medium and a reference numeral 14 denotes 
a transporting roller for transporting the printing medium 
in a paper feeding direction (subsidiary scanning direc- 
tion). 

In the construction stated above, by alternately per- 
forming scanning of the head portion, in which the 
processing liquid or the ink is ejected from respective 
ejection openings of the ejection opening array while 
moving the printing head portion in the scanning direc- 
tion, and transporting of the printing medium, printing 
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can be performed on an entire area of the printing me- 
dium. 

A reference numeral 18 denotes a cap which is 
formed with an elastic materia! such as rubber or the 

s like, faces an ejection opening forming surface of the 
printing head portion at a home position, and is support- 
ed to move on contacting and releasing with respect to 
the printing head portion. The cap 18 is used for protect- 
ing the printing head portion while not in a printing op- 
to eration, and for performing forced suction process by 
means of a suction pump (not shown) in order to remove 
the processing liquid or the ink deposited on the ejection 
opening forming surface, to remove a bubble in the ejec- 
tion opening or a liquid passage communicating with the 

15 ejection opening. In the shown embodiment, since the 
head portion ejecting the processing liquid and the ink 
is used, the cap 18 includes cap portions 18a and 18b 
for respectively performing suction recovery and so on 
for the processing liquid and the ink. This is because 

20 that mixing of the processing liquid and the ink instantly 
causes deposition of a reacted product which is difficult 
to be removed. 

A reference numeral 17 denotes an ink receptacle 
used for an ejection recovery operation by a preliminary 

25 ejection operation. The preliminary ejection operation 
means a process to eject the ink from respective ejec- 
tion openings of respective printing head portions 19a 
and 19b for forcedly discharging bubble, dust, the ink of 
increased viscosity to be inappropriate for printing and 

so the like, together with the ejected ink. 

The ink to be used in the shown embodiment con- 
tains a water soluble dye having an anionic radical, wa- 
ter, a water soluble organic solvent and other compo- 
nents, such as a viscosity adjusting agent, a pH adjust- 

35 jng agent, an antiseptic agent, a surface active agent, 
and antioxidation as required. 

Further, the processing liquid contains a water sol- 
uble polymer having a cationic radical, water, a water 
soluble organic solvent and other components, such as 

40 a viscosity adjusting agent, a pH adjusting agent, an an- 
tiseptic agent, a surface active agent, and antioxidation 
as required. 

It should be appreciated that while anionic sub- 
stance is contained in the ink and the cationic substance 
45 js contained in the processing liquid in the shown em- 
bodiment, ionicity of the ink and the processing liquid is 
not particularly specified. 

One example of compositions of the ink and the 
processing liquid useful in the shown embodiment are 
50 as follows: 



Ink 


BK: 




C.I. food black -2; 


3 parts by weight 


glycerin 


1 5 parts by weight 


water 


82 parts by weight 
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Processing Liquid 


polyallyl amine 

glycerin 

water 


4 parts by weight 
1 5 parts by weight 
81 parts by weight 



The ink-jet printing apparatus of the shown embod- 
iment constructed as set forth above is capable of per- 
forming printing in two kinds of modes. More specifically, 
the ink-jet printing apparatus of the shown embodiment 
has two kinds of printing modes, i.e. a low resolution 
printing mode, in which printing is performed at relatively 
low resolution of 600 dpi X 600 dpi and a high resolution 
printing mode, in which printing is performed at relatively 
high resolution of 1200 dpi x 600 dpi, with respect to 
the primary scanning direction and the subsidiary scan- 
ning direction, respectively. In the low resolution mode, 
printing is performed at higher carriage speed. 

(First Embodiment) 

Next, a first embodiment of a check pattern printing 
for registration adjustment in the apparatus constructed 
as set forth above, will be described. 

The registration adjustment of mutual positions of 
dots formed in the primary scanning direction by means 
of the printing head portions 19a and 19b is performed 
by adjusting ejection timing of respecting head portions. 
In the shown embodiment, the check pattern is formed 
by ejecting ink from the ejection opening array 191 for 
the Bk ink of the printing head portion 19a and from the 
ejection opening array 193 for the M ink of the printing 
head portion 19b. 

At first, as a first check pattern, a check pattern is 
printed in the low resolution printing mode, as shown in 
Fig. 3. This pattern is printed at substantially central por- 
tion in the transporting direction on the printing medium. 

More specifically, by scanning the printing head por- 
tions 19a and 19b for the central portion of the printing 
medium, for Bk ink, ejection is performed through all of 
ejection openings of the ejection opening array 191 at 
a predetermined time interval. On the other hand, for M 
ink, in relation to respective ejection timing of the Bk ink 
determined on a basis of the predetermined time inter- 
val, ejection is performed through all ejection openings 
of the ejection opening array 1 93 at timing of "0" position 
contemporarily set at the time when printing of the check 
pattern is performed, namely, at timing which is regard- 
ed as timing where the M ink overlays with the Bk ink 
with respect to ejection positions, and a timing corre- 
sponding to a position *-2\ "-1 "+ 1 n and n +2 M which are 
regarded as timing where deviations corresponding to 
two or one dot pitches are caused toward left or right 
with respect to the ejection position of the Bk ink. It 
should be noted that the deviation corresponding to one 
dot pitch corresponds to a distance of about 40 in 
case of a printing resolution of 600 dpi. 



In the example shown in Fig. 3, it has been ob- 
served that the dot of the Bk ink and the dot of the M ink 
are overlaid with each other at the timing of position "0". 
The timing at this position is set by inputting through an 
5 operation key provided in a host system or the ink-jet 
printing apparatus of the shown embodiment. 

Next, as a second check pattern, a check pattern is 
printed on the printing medium on which the first check 
pattern has been already printed in the high resolution 
10 mode, as shown in Fig. 4. At this time, in order to avoid 
interference of the second check pattern with the first 
check pattern, the second check pattern is printed at an 
upper portion of the first check pattern concerning the 
transporting direction of the printing medium. 
15 In this case, the check pattern is printed similarly to 
the first check pattern, with differentiating the respective 
ejection timing of the M ink with respect to the respective 
ejection timing of the Bk ink which has predetermined 
time intervals. The timing corresDondinn to position "G" 
20 is set as timing set on a basis of a result of observation 
of the foregoing first check pattern, that is, timing corre- 
sponding to position "0", in the example shown in Fig. 
3. Then, printing is also performed at a timing corre- 
sponding to positions or n +r shifted for one dot 
2S pitch (corresponding to 20 m) toward left or right. 

Results of printing of the first and second check pat- 
terns are shown in Fig. 5. In a result of printing of the 
second check pattern, in the example shown in Fig. 4 
(Fig. 5), for example, the ejecting positions of the Bk ink 
30 and the M ink are matched at the timing of position "-1 M . 
Thus, the timing corresponding to this position is set as 
new ejection timing of the M ink relative to the ejection 
timing of the Bk ink. It should be noted that the first and 
the second check patterns are printed so that the first 
35 and the second patterns of predetermined respective 
lengths in the subsidiary scanning direction are elongat- 
ed by performing a plurality of scannings and a plurality 
of corresponding transportation of the printing medium. 
In addition, control of the check pattern printing and 
^0 setting of the timing data on the basis of the check pat- 
tern, set forth above, can be executed by a control sys- 
tem of the construction constituted of CPU and a mem- 
ory, such as RAM, ROM or the like, as will be explained 
with reference to Fig. 8. 
45 Fig. 7 is a flowchart showing a processing proce- 
dure concerning printing of the first and the second 
check patterns. 

When the printing medium is set at a paper feeding 
position and a predetermined check pattern printing 
50 command input is given, the shown processing is trig- 
gered. At step S701 , a paper feeding operation of a pa- 
per feeding amount LF1 is performed, and whereby, a 
scanning region of the printing head portions can corre- 
spond to substantially central portion of the printing me- 
55 dium, as described above. Next, at step S702, with per- 
forming a plurality of scanning operations and perform- 
ing corresponding transportation of the printing medium 
for a predetermined amount in substantially central por- 
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tion of the printing medium, printing of the low resolution 
registration adjusting pattern (the first check pattern) as 
the check pattern at the low resolution printing mode is 
performed. Subsequently, the printing medium is dis- 
charged by paper discharging operation at step S703. 

Here, a user observes the check pattern on the 
printing medium as set forth above to input a timing set- 
ting value in the low resolution printing mode. At step 
S704, inputting of the setting value is waited. When the 
setting value is inputted, a low resolution setting param- 
eter P1 (a parameter corresponding to any one of the 
positions "0", n -2 n , °-1 \ "+1 " and "+2" shown in Fig. 3, is 
stored in RAM. The stored parameter P1 is used for 
printing at step S707 which will be described later and 
for low resolution printing using the Bk printing head 1 9a 
and the color printing head 19b. 

When inputting of the parameter P1 is completed, 
at step S706, setting of the printing medium in the paper 
feeding position by the user is waited. When setting of 
the printing medium in the paper feeding position is de- 
tected, paper feeding in a feeding amount LF2 is per- 
formed. By this, a position to print the second check pat- 
tern of high resolution on the printing medium, can be 
set at upper portion of the printing medium positioned 
away from the central portion thereof. Then, at step 
S707, with performing a plurality of scanning operations 
and performing corresponding transportation of the 
printing medium for a predetermined amount at the up- 
per position of the printing medium, printing of the high 
resolution registration adjusting pattern (the second 
check pattern) as the check pattern at the high resolu- 
tion printing mode is performed, and then discharge of 
the printing medium is performed at step S708. 

Next, at step S709, inputting of a high resolution set- 
ting parameter P2 (a parameter corresponding to any 
one of "0", and °+1" positions shown in Fig. 4) by 
the user is waited similarly to step S704. When the high 
resolution setting parameter P2 is input, a correspond- 
ing value is stored in RAM. This value is used in high 
resolution printing using the BK printing head portion 
1 9a and the color printing head 1 9b. 

As set forth above, by the foregoing sequence of 
process, the parameter for adjusting registration at re- 
spective resolution can be set. In conjunction therewith, 
in advance of the process for adjustment of registration 
for high resolution, adjustment of registration for lower 
resolution is performed. 

By the shown embodiment of check pattern printing 
as set froth above, printing of the first check pattern is 
performed under low resolution to perform registration 
adjustment based on the result thereof. Subsequently, 
printing of the second check pattern is performed under 
the high resolution condition. Therefore, deviation of 
dots caused in printing of the second check pattern can 
be restricted in the extent of one dot pitch in substantially 
1200 dpi. Thus, the registration adjustment under the 
high resolution condition can be done easily and in a 
short period. Also, since the deviation is less than or 



equal to one dot pitch, it would be sufficient to print the 
second check pattern at respective positions of "-1 "0" 
and "+r. Thus, check pattern printing £§r se can be 
done in a short period. 
5 In addition, when relatively expensive printing me- 
dium is used for printing the check pattern, since two 
check patterns are printed on one printing medium, cost 
for the registration adjustment can be restricted to con- 
tribute lowering of running cost. 
10 Furthermore, the second check pattern is printed on 
the printing medium on which the first check pattern is 
printed. At this time, even if the user erroneously insert 
the printing medium in the reversed direction, since the 
first check pattern is printed at the substantially central 
is portion, the first check pattern may not cause interfer- 
ence with the second check pattern. 

It should be noted that, in the foregoing process 
shown in Fig. 7, detail of the line feeding amount LF1 as 
a feeding amount for printing the check pattern in the 
20 low resolution printing mode is as follows. The amount 
is a total of a feeding amount of the printing medium fed 
from the paper feeding position to reach a position in 
which an end portion of the printing medium faces the 
printing head portion, and a feeding amount corre- 
25 sponding to 1/3 of the printing medium of an assumed 
A4 size from the end portion of the printing medium. 
Here, with taking a resolution of 600 dpi as a unit of feed- 
ing, the feeding amount is 2200 units. Also, the feeding 
amount LF2 for printing the check pattern in the high 
30 resolution printing mode is set to be 100 unit from the 
end portion of the printing medium of the assumed A4 
size, similarly to the case of the amount LF1 . 

Furthermore, a size of a printing region for perform- 
ing printing of the check pattern in the low resolution 
35 printing mode with paper feeding for a predetermined 
amount in the central portion is set to be less than or 
equal to 2000 unit as about 1/3 feeding amount of the 
printing medium of A4 size in the feeding direction. Also, 
in order to print the check pattern in the high resolution 
40 printing mode without causing interference with the al- 
ready printed check pattern in the low resolution (without 
causing overlapping in the shown embodiment), the size 
of the printing region of the check pattern in the high 
resolution printing mode is set to be less than or equal 
45 to 2000 unit as about the feeding amount of 1/3 of the 
printing medium of A4 size in the feeding direction. 



(Second Embodiment) 

so The shown embodiment is adapted for printing a 
check pattern for the registration adjustment and a 
check pattern for checking whether ejection is normally 
performed or not, on one printing medium. By this, sim- 
ilarly to the former embodiment, lowering of running cost 

55 can be achieved. 

Fig. 6 is a diagrammatic illustration showing an ex- 
ample of printing of these check patterns. As shown in 
Fig. 6, the check pattern for the registration adjustment 
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is printed at substantially central portion of the printing 
medium. On the lower portion of the' printing region 
where the check pattern for the registration adjustment 
is printed, the check pattern for checking normal ejec- 
tion, in which printing positions are shifted per ejection s 
openings for respective colors. 

It should be noted that, in the shown embodiment 
of the ink-jet printing apparatus according to the present 
invention, since the processing liquid which makes the 
ink insoluble is used, bleeding of the ink in the check 10 
pattern may be restricted by additionally performing 
ejection of the processing liquid upon check pattern 
printing for achieving further higher precision in the reg- 
istration adjustment. 

Fig. 8 is a block diagram showing a construction of 15 
a control system of the ink-jet printing apparatus shown 
in Fig. 1 . 

A main controller 100 is constituted of CPU, ROM 
storing processing procedure shown in Fig. 7 and so on, 
RAM to be used as a work area for process to be exe- 20 
cuted by CPU, and so on. The main controller 100 con- 
verts an image data fed from a host computer 200 into 
pixel data respectively provided with gradation data to 
store the converted pixel data in a frame memory 100M. 
Also, the main controller 1 00 supplies the gradation data 25 
of respective pixels stored in the frame memory 100M 
to a driver controller 110. The driver controller 110 con- 
verts the supplied gradation data into ejection data (data 
for turning ON and OFF heaters in respective head) cor- 
responding to ejection opening numbers (indicative of 30 
order in a sequence of each ejection openings in the 
ejection opening arrays in respective of printing heads 
19a and 19b) and scanning number (order in a se- 
quence of primary scans) to store in a driving data RAM 
1 1 0M. The driver controller 1 1 0 is responsive to a control 3S 
signal from the main controller 100 to read out the driv- 
ing data stored in the driving data RAM 110M with ref- 
erence to the ejection opening number and the scanning 
number to supply to a head driver 1 1 0D, and in conjunc- 
tion therewith, to control driving timing thereof. 40 

In the foregoing construction, the main controller 
100 controls ejection of respective colors of inks and the 
processing liquid, revolution of a carriage motor 1 06 and 
revolution of a paper feeder motor 1 09 via the driver con- 
troller 11 0, a motor driver 1 04D and a motor driver 1 02D, 45 
respectively. By this, characters and graphics images 
and the like depending upon the image data can be 
printed on the printing paper 10. 



(Other Embodiments) so 

While explanation has been given for the case 
where two check patterns are printed in the foregoing 
embodiments, it may be possible to use three or more 
check patterns seeking for further higher precision in the 55 
registration adjustment. Even in this case, it is preferred 
to control the printing position of respective check pat- 
terns so that respective check patterns may be printed 



on a single printing medium. Also, even in the case 
where three or more printing modes having mutually dif- 
ferent resolution are present, it may be possible to per- 
form printing of the check patterns in respective printing 
modes and to set dot printing timings for respective 
printing modes. Furthermore, also in this case, the reg- 
istration adjustment required lower accuracy is per- 
formed more precedingly and the set value set at the 
preceding registration adjustment is used for the follow- 
ing registration adjustment. As a result of this, the sub- 
sequent registration adjustment can be sequentially 
performed with ease. 

In addition, application of the present invention is 
not limited to correction of the deviation of dots due to 
position error between a plurality of printing heads as in 
the foregoing embodiment. For instance, the present in- 
vention is applicable for the case where reciprocal print- 
ing is to be performed using one printing head and for 
correcting error in overlaying of the dots to be printed or 
error in positional relationship with respect to each oth- 
er. 

The present invention achieves distinct effect when 
applied to a recording head or a recording apparatus 
which has means for generating thermal energy such 
as electrothermal transducers or laser light, and which 
causes changes in ink by the thermal energy so as to 
eject ink. This is because such a system can achieve a 
high density and high resolution recording. 

Atypical structure and operational principle thereof 
is disclosed in U.S. patent Nos. 4,723,129 and 
4,740,796, and it is preferable to use this basic principle 
to implement such a system. Although this system can 
be applied either to on-demand type or continuous type 
ink jet recording systems, it is particularly suitable for 
the on-demand type apparatus. This is because the on- 
demand type apparatus has electrothermal transduc- 
ers, each disposed on a sheet or liquid passage that re- 
tains liquid (ink), and operates as follows: first, one or 
more drive signals are applied to the electrothermal 
transducers to cause thermal energy corresponding to 
recording information; second, the thermal energy in- 
duces sudden temperature rise that exceeds the nucle- 
ate boiling so as to cause the film boiling on heating por- 
tions of the recording head; and third, bubbles are grown 
in the liquid (ink) corresponding to the drive signals. By 
using the growth and collapse of the bubbles, the ink is 
expelled from at least one of the ink ejection orifices of 
the head to form one or more ink drops. The drive signal 
in the form of a pulse is preferable because the growth 
and collapse of the bubbles can be achieved instanta- 
neously and suitably by this form of drive signal. As a 
drive signal in the form of a pulse, those described in U. 
S. patent Nos. 4,463,359 and 4,345,262 are preferable. 
In addition, it is preferable that the rate of temperature 
rise of the heating portions described in U.S. patent No. 
4,313,124 be adopted to achieve better recording. 

U.S. patent Nos. 4,558,333 and 4,459,600 disclose 
the following structure of a recording head, which is in- 
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corporated to the present invention: this structure in- 
cludes heating portions disposed on bent portions in ad- 
dition to a combination of the ejection orifices, liquid pas- 
sages and the electrothermal transducers disclosed in 
the above patents. Moreover, the present invention can 
be applied to structures disclosed in Japanese Patent 
Application Laying-open Nos. 123670/1984 and 
138461/1984 in order to achieve similar effects. The 
former discloses a structure in which a slit common to 
all the electrothermal transducers is used as ejection or- 
ifices of the electrothermal transducers, and the latter 
discloses a structure in which openings for absorbing 
pressure waves caused by thermal energy are formed 
corresponding to the ejection orifices. Thus, irrespective 
of the type of the recording head, the present invention 
can achieve recording positively and effectively. 

The present invention can be also applied to a so- 
called full-line type recording head whose length equals 
the maximum length across a recording medium. Such 
a recording head may consists of a plurality of recording 
heads combined together, or one integrally arranged re- 
cording head. 

In addition, the present invention can be applied to 
various serial type recording heads: a recording head 
fixed to the main assembly of a recording apparatus; a 
conveniently replaceable chip type recording head 
which, when loaded on the main assembly of a record- 
ing apparatus, is electrically connected to the main as- 
sembly, and is supplied with ink therefrom; and a car- 
tridge type recording head integrally including an ink 
reservoir. 

It is further preferable to add a recovery system, or 
a preliminary auxiliary system for a recording head as a 
constituent of the recording apparatus because they 
serve to make the effect of the present invention more 
reliable. Examples of the recovery system are a capping 
means and a cleaning means for the recording head, 
and a pressure or suction means for the recording head. 
Examples of the preliminary auxiliary system are a pre- 
liminary heating means utilizing electrothermal trans- 
ducers or a combination of other heater elements and 
the electrothermal transducers, and a means for carry- 
ing out preliminary ejection of ink independently of the 
ejection for recording. These systems are effective for 
reliable recording. 

The number and type of recording heads to be 
mounted on a recording apparatus can be also 
changed. For example, only one recording head corre- 
sponding to a single color ink, or a plurality of recording 
heads corresponding to a plurality of inks different in 
color or concentration can be used. In other words, the 
present invention can be effectively applied to an appa- 
ratus having at least one of the monochromatic, multi- 
color and full-color modes. Here, the monochromatic 
mode performs recording by using only one major color 
such as black. The multi-color mode carries out record- 
ing by using different color inks, and the full-color mode 
performs recording by color mixing. 



Furthermore, although the above-described em- 
bodiments use liquid ink, inks that are liquid when the 
recording signal is applied can be used: for example, 
inks can be employed that solidify at a temperature low- 
5 er than the room temperature and are softened or lique- 
fied in the room temperature. This is because in the ink 
jet system, the ink is generally temperature adjusted in 
a range of 30°C-70°C so that the viscosity of the ink is 
maintained at such a value that the ink can be ejected 
10 reliably. 

In addition, the present invention can be applied to 
such apparatus where the ink is liquefied just before the 
ejection by the thermal energy as follows so that the ink 
is expelled from the orifices in the liquid state, and then 
is begins to solidify on hitting the recording medium, there- 
by preventing the ink evaporation: the ink is transformed 
from solid to liquid state by positively utilizing the ther- 
mal energy which would otherwise cause the tempera- 
ture rise; or the ink, which is dry when left in air, is liq- 
20 uefied in response to the thermal energy of the recording 
signal. In such cases, the ink may be retained in recess- 
es or through holes formed in a porous sheet as liquid 
or solid substances so that the ink faces the electrother- 
mal transducers as described in Japanese Patent Ap- 
25 plication Laying-open Nos. 56847/1979 or 71260/1985. 
The present invention is most effective when it uses the 
film boiling phenomenon to expel the ink. 

Furthermore, the ink jet recording apparatus of the 
present invention can be employed not only as an image 
30 output terminal of an information processing device 
such as a computer, but also as an output device of a 
copying machine including a reader, and as an output 
device of a facsimile apparatus having a transmission 
and receiving function. 
35 As can be clear from the foregoing description, by 
the preferred embodiments of the present invention, the 
first check pattern is at first printed to perform the reg- 
istration adjustment between a plurality of heads on the 
basis of the result thereof, and on the basis of the result 
40 of adjustment, to perform printing of the second check 
pattern. Therefore, the first check pattern is printed in 
low resolution, and the second check pattern is printed 
under the condition where the registration adjustment is 
made based on the result of printing of the first check 
,45 pattern. By this, the second check pattern can be printed 
with high precision under the condition where the regis- 
tration adjustment is made to facilitate subsequent the 
registration adjustment. 

In addition, the plurality of check patterns can be 
so printed on the same printing medium to save the printing 
medium for printing the check pattern. 

As a result, the registration adjustment can be fa- 
cilitated and performed in a short period. Also, the run- 
ning cost of the apparatus can be lowered. 
55 The present invention has been described in detail 
with respect to preferred embodiments, and it will now 
be apparent from the foregoing to those skilled in the art 
that changes and modifications may be made without 
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departing from the invention in its broader aspects, and 
it is the intention, therefore, in the appended claims to 
cover all such changes and modifications as fall within 
the true spirit of the invention. 



Claims 

1. A printing apparatus performing printing on a print- 
ing medium by using a printing head, 
characterized by comprising: 



pattern printing means for printing a check pat- 
tern used for inspecting a mutual positional re- 
lationship between images to be printed at dif- is 
ferent timing; 

setting means for setting printing timing of the 
printing head based on inputting of set informa- 
tion concerning the mutual positional relation- 
ship between the images; and 20 
control means for making said pattern printing 
means print a first check pattern, making said 
setting means set printing timing of the printing 
head based on set information input on a basis 
of the first check pattern, and making said pat- 25 
tern printing means print a second check pat- 
tern under a condition that said printing timing 
is set by said setting means. 

2. A printing apparatus as claimed in claim 1 , which 30 
comprises a plurality of printing heads and wherein 

a printing image is formed by images printed by said 
plurality of printing heads at respectively different 
timing. 

35 

3. A printing apparatus as claimed in claim 2, charac- 
terized in that said pattern printing means prints the 
first check pattern in a predetermined resolution 
and prints the second check pattern in a resolution 
higher than said predetermined resolution. 40 

4. A printing apparatus as claimed in claim 3, which 
further comprises transporting means for relatively 
transporting the printing medium with respect to the 
printing head, and wherein said control means con- 
trols said transporting means so that when said pat- 
tern printing means prints the second check pattern 
on the printing medium on which the first check pat- 
tern has been already printed, said second check 
pattern does not interfere with said first check pat- so 
tern. 

5. A printing apparatus as claimed in claim 4, charac- 
terized in that said control means controls said 
transporting means so that when said pattern print- ss 
ing means prints the first check pattern, said first 
check pattern is printed at a central portion of the 
printing medium. 



6. A printing apparatus as claimed in claim 1 , charac- 
terized in that the printing head ejects an ink toward 
the printing medium in order to perform printing. 

7. A printing apparatus as claimed in claim 6, further 
characterized by comprising means for supplying a 
processing liquid making the ink ejected by the 
printing head insoluble. 

8. A printing apparatus as claimed in claim 6, charac- 
terized in that the printing head includes a thermal 
energy generating element for generating thermal 
energy used for ejecting the ink. 

9. A printing apparatus performing printing on a print- 
ing medium by using a printing head, characterized 
by comprising: 

executing means for executing a plurality of 
printing modes which differ from each other in 
a resolution of printing, and 
control means for, for each of the plurality of 
printing modes, executing pattern printing for 
printing a check pattern for inspecting mutual 
positional relationship of images to be printed 
at different timing and executing timing setting 
for setting printing timing of the printing head in 
the printing mode based on an input of set in- 
formation concerning the mutual positional re- 
lationship between the images said execution 
of the pattern printing and the timing setting for 
each of the plurality of printing modes being 
performed sequentially from the printing mode 
of the lower resolution to the printing mode of 
the higher resolution, 

wherein the pattern printing of the check pat- 
tern in each printing mode is performed at the 
printing timing set based on the check pattern 
printed in preceding printing mode. 

10. A printing apparatus as claimed in claim 9, which 
comprises a plurality of printing head, and wherein 
a printing image is formed by images printed by said 
plurality of printing head at respectively different 
timings. 

11. A printing apparatus as claimed in claim 10, which 
further comprises transporting means for relatively 
transporting the printing medium with respect to the 
printing head, and wherein said control means con- 
trols said transporting means so that when the plu- 
rality of check patterns are sequentially printed on 
the printing medium, said plurality of check patterns 
do not interfere with each other. 

12. A printing apparatus as claimed in claim 11, char- 
acterized in that said control means prints the check 
pattern on a central portion of the printing medium 
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when a first check pattern among a plurality of 
check patterns is printed. 

13. A printing apparatus as claimed in claim 9, charac- 
terized in that the printing head ejects an ink toward 
the printing medium in order to perform printing. 

14. A printing apparatus as claimed in claim 13, further 
characterized by comprising means for supplying a 
processing liquid making the ink ejected by the 
printing head insoluble. 

15. A printing apparatus as claimed in claim 13, char- 
acterized in that the printing head includes a ther- 
mal energy generating element for generating ther- 
mal energy used for ejecting the ink. 

16. A printing apparatus performing printing on a print- 
ing medium by using a printing head, characterized 
by comprising: 

transporting means for relatively transporting 
the printing medium with respect to the printing 
head; and 

pattern printing means for printing a check pat- 
tern which is printed first among a plurality of 
check patterns on a central portion of the print- 
ing medium when the plurality of check patterns 
are printed in sequential order on the same 
printing medium by controlling said transporting 
means, and for printing the plurality of check 
patterns without causing interference with each 
other. 

17. A check pattern printing method of a printing appa- 
ratus performing printing on a printing medium by 
using a printing head, characterized by comprising 
the steps of: 

printing a first check pattern for inspecting a 
mutual positional relationship between images 
printed at different timing; 
setting printing timing of the printing head 
based on the first check pattern; and 
printing a second check pattern for inspecting 
the mutual positional relationship between the 
images under a condition that said printing tim- 
ing is set. 

18. A check pattern printing method of a printing appa- 
ratus performing printing on a printing medium by 
using a printing head, characterized by comprising 
the steps of: 

printing a check pattern which is printed first 
among a plurality of check patterns on a central 
portion of the printing medium when the plural- 
ity of check patterns are printed in sequential 



order on the same printing medium, and 
printing the plurality of check patterns without 
causing interference with each other. 

19. A registration adjusting method of a printing appa- 
ratus performing printing on a printing medium by 
using a printing head, characterized by comprising 
the steps of: 

printing a first check pattern for inspecting a 
mutual positional relationship between images 
printed at different timing; 
setting printing timing of the printing head 
based on the first check pattern; 
printing a second check pattern for inspecting 
the mutual positional relationship between the 
images under a condition that said printing tim- 
ing is set; and 

setting the printing timing of the printing head 
20 based on the second check pattern. 

20. A printing apparatus or method wherein at least one 
test print pattern is used to control and/or adjust 
print timing, for example successive test pattern 

25 patterns may be used to adjust and then check print 
timing. 

21. A printing apparatus or method having the features 
recited in any one or any combination of the preced- 

30 ing claims. 
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(54) Printing apparatus and check pattern printing method 



(57) A check pattern for a registration adjustment 
under low resolution condition of 600 dpi X 600 dpi at 
substantially central portion of a printing medium is print- 
ed. After performing the registration adjustment based 
on the printed pattern, the check pattern is printed under 
high resolution condition of 1200 dpi X 600 dpi at a po- 
sition not causing interference with the former check 
pattern. On a basis of this, the registration adjustment 
is again performed. By this, the registration adjustment 
in high precision printing can be performed easily. Also, 
necessary two check patterns can be printed on a single 
printing medium to permit lowering of cost concerning 
printing medium to be used in check pattern printing. 
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